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P a r t  I : Evaluation of TIROS I11 Radiation 
Data - quasiglobal Fresentation 
of the IKean Relative Humidity of 
the Upper Tropospherz and of the 
Surface Temperature. 
Part I1 : Influence of Uinor Constituents 
on the Cutgoing iiadiation. 
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Part I: Evaluation of TIROS I11 Radiation 
Data - Quasiglobal Presentation 
of the Mean Relative Humidity of 
the Upper Troposphere and of the 
Surface Temperature. 
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A b a t r a c t :  
The measured va lues  o f  the  TIKOS I11 s a t e l l i t e  f r o m  the 
first 6 days a f t e r  the  launch ( July, 12.  - J u l y ,  17. 1961 ) 
have been c o l l e c t e d  i n  cuasiglobal p r e s e n t a t i o n s .  I n  t h e  
same way a r e  also c o l l e c t e d  v a l u e s  of  the  mean r e l a t i v e  
humidi ty  o f  t he  upper t roposphere and of  t h e  temperature 
of t h e  e m i t t i n g  s u r f a c e  ( cloud o r  ground ),  which were 
der ived  f r o m  t h e  r a d i a t i o n  dflta of  the  channels  1 ( 5.8 p - 
g327& 
6.8 p ) and 2 ( 8 1 - 13 p ). 
. 
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1. I n t r o d u c t i o n :  -
During t h e  p a s t  tvjo yea r s  a method has  been developed for 
t h e  d e t e r ? : i n s t i o n  of  t he  n;e;n r e l ; , t i v e  humidity o f  t h e  
upper t roposphere  and of t he  temperature  of  e m i t t i n g  sur -  
f a c e s  from s a t e l l i t e  measurements o f  t h e  t h e m a l  r a d i a t i o n  
emerging i n t o  space.  Pre l iminary  eva lua t ions  have been 
c a r r i e d  out  with r a d i a t i o n  5 a t a  of t h e  T I f i C 3  I11 meteorolo- 
g i c a l  s a t e l l i t e  f roE p a r t s  of s e v e r a l  o r b i t s  [1,2]. 
It w i l l  be t r i e d  he re  t o  c o l l e c t  t h e  measured va lues  and 
t h e  parameters of t h e  a t aosphe r i c  s t r u c t u r e  de r ived  f r o m  
them f o r  a l l  o r b i t s  of  s i n g l e  days i n  a quas ig loba l  presen- 
t a t i o n .  These p r e s e n t a t i o n s  may g ive  a survey o f  t h e  r a d i a -  
t i o n  f i e l d  of t h e  e , r t h  as  it has  been mejsured f rom t h e  
TIROS I11 s a t e l l i t e .  
It has  been r epor t ed  on f irst  a t t empt s  by RGCLXKE c37 and 
BAX'DEEN [4] and a f t e m a r d s  by L. A L n L I S , C X  e t  a l .  151 . 
ALLISSON and h i s  c o l l a b o r a t o r s  compared the  upward r a d i a -  
t i o n  f l u x ,  which was measured frcrr. T I A G S  I11 i n  the  window 
r e g i o n  between 8 and 1 2  microns with s e v e r a l  c h a r a c t e r i s t i c s  
of t h e  synop t i c  weather a n a l y s i s .  
The r L d i a t i o n  emit ted and r e f l e c t e d  f ron .  t h e  e a r t h  and i t s  
atmosphere i n t o  space has  been measured fron, TIRCS I11 
w i t h i n  f i v e  s p e c t r a l  reg ions  (Table 1 ,  see  a l s o  [6] >. 
channel s p e c t r a l  r e g i o n  
longwave A 5.8 dA - 6.8 c 
2 8 ,k - 13 /k 
r a d i a t i o n  4 7.5 - 32.5 + 
shortwave 
r a d i a t i o n  
3 
5 G.55.k  - 0.75. - 6-o I 
Table I: S p e c t r a l  reg ions  of  t h e  TIROS I11 f i v e  channel  
medium r e s o l u t i o n  rad iometer  161 . 
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The shortwave radiation reflected fro.:i the earth and its 
atmosphere can be measured only over the dayside of the 
globe. Assuming that the spectral distribution of both 
the extraterrestrial and the reflected solar radiation 
is the same, values of the mean diffuse reflectivity 
(albedo) of the area "viewed" by the satellite can easily 
be determined. Over cloudy and desert areas these albedo 
values are high, whereas over the open sea low values nave 
been found (Chapter 4). 
In the spectral region of channel 1 only thernal radiation 
emitted from the water vapor of the upper troposphere and 
of the stratosphere in its 6 . 3 ~  - band can penetrate up 
to the satellite [I , 2 ] .  Therefore, equivalent black body 
temperatures (in short equivalent temperatures) determined 
from the measured radiation fluxes a r e  representative for 
the mean temperature and the content of water vapor of 
these ezitting layers. It has been shown [1,2,'7], that 
under the assumption of model stratifications of the at- 
mosphere the radiation data of channel 1 are a measure for 
the mean relative hum,dity of the upper troposhhere. 
The sensitivity regions of the channels 2 and 4 contain 
the weak absorbing water vapor window between 8 and 12 
microns. Thus the measured radiation fluxes of those chan- 
nels are nearly a function of thz temperature of the emit- 
ting surfaces. Since channel 4 also receives radiation emit- 
ted in the spectral region of the strong absorbing 15 micron 
band of C02 from high and cold layers its equivalent tempe- 
ratures are lower than thoseof channel 2. Earlier research 
[1,2,81, h owever, has proved that the measured data of both 
channels show a narrow correlation. 
A s  it has been proposed by hiOLLER 191 the radiation data 
of channel 1 which were measured simultaneously with those 
of channel 2 ,  will be used as a measure of that water vapor 
mass the absorption of which must be taken into account if 
- 3 -  
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t h e  s u r f a c e  temperature  w i l l  be determined from channel 2. 
This eva lua t ion  method has  been d iscussed  i n  d e t a i l  by 
MOUER and RASCHKE [I]. 
2. Quas ig loba l  p re sen ta t ions  of i n f r a r e d  r a d i a t i o n  d a t a .  
For  t h e  f i r s t  6 days (July, 12. - Jilly, 17. 1961) a f t e r  
t h e  launch  o f  TIROS I11 quas ig loba l  maps of t h e  d a i l y  
"synopt ic"  r a d i a t i o n  f i e l d  have been drawn from averages 
of a l l  d a t a  measured wi th in  geographic  f i e l d s  o f  4 degrees  
longi tude  and 4 degrees  l a t i t u d e .  These maps a r e  shown i n  
t h e  appendix. They were obtained from a l l  measured d a t a .  
Only those  d a t a  were o m i t t e d  which were measured wi th  a na- 
d i r  angle  l a r g e r  than 50 degrees ,  and d a t a  with a minus s i g n  
[ 6 ,  page 61. Furthermore,  d a t a  o f  a l l  those p o i n t s  were 
omi t ted  where channel I measured equiva len t  tempera tures  
sma l l e r  t han  215 O K  and channel 2 s imul taneous ly  l a r g e r  ones 
than  225 OK. A s  i t  can be shown by model c a l c u l a t i o n s  t h e  
equ iva len t  tempera tures  of bo th  channels  i n  t h i s  o rde r  of  
magnitude a r e  n e a r l y  equal .  However, due t o  system no i se  
d a t a  of channel  1 i n  t h i s  s i z e  r eg ion  showed a l a r g e  s c a t -  
t e r  and a h igh  inaccuracy.  
The maps obta ined  i n  t h i s  way r ep resen t  a quasi-synopt ic  
survey  of t h e  r a d i a t i o n  f i e l d  i n  d i f f e r e n t  s p e c t r a l  r e g i o n s ,  
which w a s  measured d a i l y  f rom TIROS I11 between 60 degrees  
Northern and Southern l a t i t u d e .  
3.  Dete rmina t im of t h e  mean r e l a t i v e  humidity of t h e  
upper t roposphere  and of t h e  su r face  temperature .  of 
e m i t t i n g  s u r f a c e s .  
A s  i t  has  been s t a t e d  above, t h e  measured va lues  of channel  
2 a r e  a measure f o r  t he  tempera tures  of t h e  emi t t i ng  sur- 
f a c e  (clouds o r  ground) on t h e  e a r t h  a f t e r  some c o r r e c t i o n s  
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atmosphere 1 
surface temperature + 15.0 O C  
have been applied for the water vapor absorption. The va- 
lues measured simultaneously by channel 1 are a measure 
for the mean relative humidity of the upper troposphere 
and therefore also for the water vapor mass, the absorp- 
tion of which must be taken into account, if the surface 
temperature will be determined from radiation data of 
channel 2. 
Both quantities, the relative humidity and the surface tem- 
perature, can therefore be found by comparing the measured 
radistion fluxes with those computed for the same spectral 
regions f o r  model stratifications of the atmosphere. This 
method has been discussed in detail in [I] and in [2] . 
Therefore, only a short description of it will be given 
here : 
The upward outgoing radiation fluxes in the channels 1 and 
2 have been calculated for two model atmospheres. One of 
them is representative for mean conditions in midlatitude 
regions (atmosphere I) and the other f o r  tropical regions 
(atmosphere 2). The main characteristics of the temperature 
profiles of both are compiled in Table 2. 
atmosphere 2 
+ 35.0 OC 
temperature gradient 
in the troposphere 
in the stratosphere 
- 6.5 z/km 
+ 3.0 /km 
I 
- 6.5 z/km 
+ 3.0 /km 
25.0 km 
height of the 
upper boundary 
of the isothermal part 
of the lower stratospher 
18.5 km 
Table 2: Main characteristics of the temperature profiles 
of the two model atsospheres. 
c 
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The absorbing masses of C02 have been determined assuming 
0.C3 % per V o l . ,  those for 0 from mean vertical distribu- 3 
tions [ IO ] .  The water vapor masses have been determined 
for different values of the relative humidity of the tro- 
posphere, which has been assumed to be constant in the tro- 
posphere, and for a vertical water vapor distribution in 
the stratosphere after GUTNICK [Ill, which remained un- 
changed in all calculations. In order to take into account 
changes of the surface temperature, radiation fluxes have 
been computed for different heights of a densand black 
emitting cloud layer in the troposphere. From these radia- 
tion flux calculations curves of constant equivalent tempe- 
rature for each channel could be drawn in diagrams in de- 
pendence on the relative humidity and on the surface tempe- 
rature. The coordinates of points of intersection of curves 
of both channels, the parameters of which are given the 
measured values, give then the desired values of the mean 
relative humidity and the surface temperature. 
These model assumptions do not represent the actual state 
of the atmosphere. Therefore, the results found by these 
evaluations night be considered as equivalent values which 
are only valid for idealized conditions. It could be shown 
by some estimations [1,2], that deviations of the actual 
stratification from the assumed models can cause results 
which are higher or lower than actual values. 
The dependence of the measured radiation flux from the na- 
dir angle N was regarded for by comparison with radiation 
fluxes calculated for nadir angles N = 0, 40 and 50 degrees 
for both model atmospheres. In the evaluation procedure the 
measured values have been divided into three groups accor- 
45 r; N L, 50 degrees). The relative humidities and the sur- 
face temperatures then have been determined with the corres- 
pondend diagram. For all data measured between geographical 
latitudes of 40 degrees North and 40 degrees South diagrams 
ding to their nadir angle (0 f N 6 29,  30 5 N 44, 
- 6 -  
f o r  t h e  atmsophere 2 have been used and f o r  a l l  o t h e r  d a t a  
t h o s e  f o r  atmosphere I. For t h a t  e n t i r e  e v a l u a t i o n  proce- 
du re  a computer program has  been used. 
4. Q,uasialob& p r e s e n t a t i o n  o f  t h e  mean r e l a t i v e  humidity 
of t h e  upper t roposphe re ,  of t h e  s u r f a c e  temperature, 
and of t h e  albedo, 
The maps o f  t h e  mean r e l a t i v e  humidity of t h e  upper t ropo-  
sphe re ,  o f  t h e  s u r f a c e  tempera ture ,  and of  t h e  albedo a r e  
shown i n  F i g s  1 - 18, pages 7 - 12.  
Low va lues  of t h e  mean r e l a t i v e  humidity occur  i n  subt ro-  
p i c a l  reg ions  a t  b o t h  s i d e s  o f  t h e  equator .  A s  i t  has  been 
s t a t e d  i n  1 , t h e  r e l a t i v e  humidity seems t o  i n c r e a s e  as 
t h e  su r face  temperature  dec reases .  This  f a c t  could l ead  t o  
t h e  assumption t h a t  over cloudy a r e a s  the  r e l a t i v e  humidi ty  
of t h e  upper t roposphere  i s  h ighe r  t han  over  c l o u d l e s s  a r e a s .  
Values of t h e  r e l a t i v e  humidity of more than  100 '/o have 
been found over  those  a r e a s ,  which a r e  designed i n  t h e  maps 
wi th  N. I. ( t h a t  means, no i n t e r s e c t i o n  of curves  of con- 
s t a n t  equ iva len t  temperature  o f  t h e  channels  1 and 2 w i t h i n  
t h e  r eg ion  of v a l i d i t y  o f  t h e  e v a l u a t i o n  diagrams) .  These 
a r e a s  co inc ide  wi th  those  f o r  which very l o w  s u r f a c e  tempe- 
r a t u r e s  have been found. The presence of t h e s e  a r e a s  demon- 
s t r a t e s  t he  l i m i t a t i o n s  of t h e  e v a l u a t i o n  method, s i n c e  t o o  
many s i m p l i f i c a t i o n s  on the  atmospheric s t a t i f i c a t i o n  may 
have had t o  be in t roduced  i n t o  t h e  model atmosphere. A s  i t  
has  been d iscussed  i n  d e t a i l  i n  [I] and [ Z J ,  mainly t h i n  
c i r r u s  c louds o r  d u s t  l a y e r s  n e a r  t h e  t ropopause ,  a l s o  a 
c o l d e r  and moi s t e r  s t r a t o s p h e r e  can cause t h a t  apparent  
r e l a t i v e  humidi t ies  of  more t h a n  100 w i l l  be found f r o m  
t h e  r a d i a t i o n  d a t a  of  channel  I. 
From a l l  humidity v a l u e s ,  determined from t h e  r a d i a t i o n  
d a t a  of the  o r b i t s  I - 5 l a t i t u d i n a l  averages  have been 
. 
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determined.  (The r e l a t i v e  humidity of t h e  upper t ropo-  
sphere  i n  a l l  a r e a s  designed by N. I. has  been assumed 
t o  be 100 %). 
This  "meridional  d i s t r i b u t i o n  
t i v e  humidity o f  t h e  upper t roposphere"  shows l o w  values  
a t  28 degrees  Horth (38 %) and 22 degrees  South (16 %). 
The r e l a t i v e  humidity over  t h e  Northern hemisphere i s  
h ighe r  than  over  t h e  Southern. This may depend on t h e  se- 
l e c t i o n  of  t he  o r b i t s  which do not  cover all longi tudes .  
Furthermore a very h igh  cloudiness  and h igh  humidity usu- 
a l l y  occur over  t h e  NorthNestern P a c i f i c .  
Fig.  19) of t h e  mean r e l a -  
loo[ 
TIROS II , Orbits 1-5 
80 * 
C .- 
E 60 .- 
9 
.- % 
40 
c. 
0 
2 20 
I 
t North Lati t udc South 1 
v 
50° 400 30° 200 loo 00 IOo 200 300 400 50° 
Fig .  19: Meridional d i s t r i b u t i o n  of t he  mean r e l a t i v e  hu- 
midi ty  of t h e  upper t roposphere ,  der ived  from 
r a d i a t i o n  d a t a  from t h e  o r b i t s  I - 5. 
In  t h e  maps t h e  a reas  w i t h  l o w  su r face  tempera ture ,  co r re s -  
ponding t o  overcas t  sky with h igh  reaching  c louds ,  a r e  main- 
l y  loca ted  nea r  t h e  meteoro logica l  equator  (ITC) and a t  
high l a t i t u d e s  (higher  than 40 degrees  North and South) .  
Highest  t empera tures  have been found over  t h e  d e s e r t  a r e a s  
of  Arabia and North Afr ica  (approximately l o c a l  noon). 
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V 
Since s imultaneaus measurements of  t h e  s u r f a c e  temperature  
have n o t  been c a r r i e d  o u t ,  when TI2GS I11 passed a cloud- 
l e s s  reg ion ,  d i r e c t  v e r i f i c a t i o n s  of t h e  s u r f a c e  tempera- 
t u r e s  a r e  n o t  p o s s i b l e .  Therefore only comparisons of t h e  
s u r f a c e  temperature over  t h e  open s e a  w i t h  the  mean tempe- 
r a t u r e  of t h e  water  i n  J u l y  i n  the  same reg ion  [I21 have 
been poss ib l e .  A s  i t  has  been des r ibed  i n  / 2 /  and [I], t h e  
r a d i a t i o n  d a t a  of o r b i t s  15 and I 8  y i e l d e d  s u r f a c e  tempera- 
t u r e s  which were 1' - 2' lower t h a n  the  water  tempera ture ,  
whereas those f o r  o r b i t  61 were 8' - 9' lower than  t h e  wa- 
t e r  temperature .  This  l a r g e  d i f f e r e n c e  i s  c e r t a i n l y  due 
t o  t h e  degrad a t i o n  of t h e  senso r s  [13]. Since t h e  e f f e c t  
o f  deg rada t ion  has not  been taken  i n t o  account a t  t h e  eva- 
l u a t i o n s ,  a l l  va lues  of t h e  r e l a t i v e  humfity and t h e  sur- 
f a c e  temperature  determined f rom r a d i a t i o n  d a t a  of o r b i t s  
29 - 77 are t o o  low. 
The maps o f  a lbedo a r e  shown here  only  f o r  comparisons. 
A 1  albedo va lues  a r e  l o w  n e a r l y  by a f a c t o r  of 2 o r  3 .  
5. Concluding remarks : 
Apart from i n a c c u r a c i e s ,  which a r e  connected wi th  t h e  
TIRCS I11 r a d i a t i o n  measurements, i n fo rma t ive  s t a t emen t s  
have been der ived  on t h e  "g loba l  d i s t r i b u t i o n "  of t h e  mean 
r e l a t i v e  humidity of t h e  upper t roposphere  and of t h e  sur- 
f a c e  temperature ,  a s  i t  would be viewed from space.  The 
r e s u l t i n g  va lues  of t h e  humidity appear  very r e l i a b l e  and 
i t s  averaged meridional  d i s t r i b u t i o n  does correspond t o  
our  concept ion of  t h e  c l i m a t i c  e f f e c t s  o f  t h e  g e n e r a l  c i r -  
c u l a t i o n .  Remaining i n a c c u r a c i e s  may be caused by devia-  
t i o n s  of the a c t u a l  s t r a t i f i c a t i o n  of the atmosphere from 
t h e  used models. Therewith t h e  l a c k  of f u r t h e r  in format ion  
on the presence of t h i n  and high c louds  n e a r  the  t ropopause ,  
and of the  humidity and temperature  (perhaps channel  1 of  
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TIROS VII) o f  t h e  lower s t r a t o s p h e r e  may p l a y  a p a r t i -  
c u l a r  p a r t .  For a more d e t a i l e d  a n a l y s i s  o f  t h e  r a d i a t i o n  
d a t a ,  measurements w i t h  a h igher  accuracy and h ighe r  r e -  
s o l u t i o n  as those  o f  the  HRIR o f  Nimbus I [14] a r e  de- 
s i r a b l e .  
The maps i n  Fig.  I - 18 show d i s t r i b u t i o n s  of t h e  r e l a t i v e  
humidi ty  and o f  t h e  su r face  t e n p e r a t u r e  only  f o r  a sequence 
o f  6 days.  Informat ions  on seasonal  v a r i a t i o n s  o f  t h e  geo- 
g r a p h i c a l  d i s t r i b u t i o n  o f  the r e l a t i v e  humidity o r  o f  t h e  
s u r f a c e  temperature  w i l l  be obta ined  from an e v a l u a t i o n  
of t h e  r a d i a t i o n  data of  TIRGS I V ,  which w i l l  be done i n  
t h e  n e a r  f u t u r e .  
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A p p  e n d i x  
Quasiglobal presentatione of the TIliOS I11 radiation 
data measured d u r i n g  the orbits 1 - 77 ( J u l y ,  12 - 
July,l7 1961 ). 
( By a n  e r r o r  the geocraphic contour lines are shifted 
in the maps for the first 4 days 20 degrees southward. ) 
- A ? -  . 
- A 2 -  
c 
0. 
1 L P  
T I  ROS 111 Orbits 15-18 
n7mi 
ChMn.1 2 (8U-13U 
Cqb r d e n l  trmprralurc in 'K 
4- 
' .-4 
'e 
7 
\ '. 
0. 
c 
E u  
W 
eQ. 
W 
. 
GP 
W 
0. 
W 
- A 4 -  . 
W 
0 

- A 6 -  
I 
PLET I1 
In f luence  0 ; ’  lv.inor C o n r t i t u c n t s  
on t h e  Outgoing l i ad ia t ion  
I1 
Page 
TABLE OF CONTENTS 
List of figures ..................................... 
List of tablee ...................................... 
Abstract ............................................ 1 
I. Introduction ..................................... 2 
11. The outgoing radiation: The equation of radiztive 
tranefer, its representation and inversion ....... 
a) Transmission function: representation and 
b) Application of the transmission function in 
4 
discussion .................................... 4 
arnaller spectral regions (also in overlapping 
cases) ........................................ IO 
c )  Planck function as term of the equation of 
d) Vertical distribution of atmospheric gases and 
radiative transfer ............................ 12 
their influence on the upward directed radia, 
tion in the atmosphere ........................ 23 
111. Results and conclusions .......................... 28 
IV. Reference8 ....................................... 36 
I I1 
LIST OF FIGUIIES. 
F igure  Page 
1 TransmiEsion f u n c t i o n  T f o r  Y30 i n  t h e  
s p e c t r a l  range 2625-3225 ( C T L - ~ )  a f t e r  
Plass  a t  J i i f e r e n t  nas ses ,  p re s su res  and 
tempera tures  .............................. 11 
2 Transmission y* o f  layers wi th  .:rowing 
t h i c k n e s s ,  s t a r t i n e ;  f r o m  10 mb t o  t h e  
e a r t h  e u r f s c e .  Tlie influencle o f d i f f  e- 
r e n t  gases  i s  i n v e s t i g a t e d .  
s v  = 203G-?290 (cm-l) ..................... 13 
3a Outgoing rac!iation 3' a t  1cI nb. Thc i n f l u -  
ence of the  choice of' u s  ( t k i c .  f re3uency 
parameter i n  t!,e Planck-funct ion)  i s  shown. 
bv = 2625-3225 (cm-' ) ..................... 15 
3b In f luence  o f  t he  choice of' v s  ( t h e  frequency 
parameter i n  t h e  P lmck- func t ion )  on t h e  
equ iva len t  tempern2ture Tg which i s  a t t ached  
t o  t h e  outgoing r a d i a t i o n .  
A v  = 2625-3225 (cm ) ..................... 16 -1 
4 Equivalent  temperzture f o r  t h e  outgoing 
r a d i a t i o n  a t  10 mb. Absorber q u a n t i t i e s  
a r e  v a r i e d .  
A v  = 2625-3225 (cm-l) ..................... 20 
5 Squiva len t  temperature f o r  t h e  outgoing 
r a d i q t i o n  st 10 m b  obtained by d i f f e r e n t  
ways o f  c a l c u l a t i o n .  
h v  = 131ci-1410 (cm") ..................... 21 
6 Equivalent  temperature f o r  t h e  outgoing 
r a d i a t i o n  a t  10 mb. 
Av = 2030-2224 (cm )...................... 22 -1 
7 Equivalent  temperature f o r  t h e  outgoing 
r a d i a t i o n  a t  10 mb. 
bv 2143-2390 (cm") ....................... 22 
IV 
Figure 
8 Equiva len t  temperature  f o r  t h e  outgoing 
r a d i a t i o n  a t  10 m b .  
d.v = 2030-2290 (em ) .................... -1 
9 Outgoing r a d i a t i o n  a t  10 mb. 
Absorber q u a n t i t e s  a E v a r i e d  ............. 
10 Equiva len t  temperature  f o r  t h e  outgoing 
r a d i a t i o n  a t  10 mb. 
Absorber q u a n t i t i e s  a r e  v a r i e d .  
A v  = 1210-1410 (cm ) .................... -1 
1 1  Outgoing r a d i a t i o n  a t  10 m b .  Absorber- 
q u a n t i t i e s  a r e  va r i ed .  
A v  = 2030-2290 (cm-l) .................... 
1 2  Equivalent  temperatures  f o r  t h e  outgoing 
r a d i a t i o n  at  10 mb. Absorber q u a n t i t i e s  
a r e  v a r i e d .  
Av = 2030-2290 (cm-l ..................... 
13 Outgoing r a d i a t i o n  a t  10 mb i n  r e l a t i o n  t o  
t h e  c a s e ,  when water vapor i s  t h e  only 
abso rbe r .  Absorber q u a n t i t i e s  of N20 and 
CH a r e  v a r i e d .  
Av = 1210 - 1410 (ern-’) .................. 4 
14 Outgoing r a d i a t i o n  whtn d i f f e r e n t  atmo- 
s p h e r i c  gases  a r e  regarded i n  r e l a t i o n  
t o  t h e  case  when only water  vapor respec-  
t i v e l y  water  vapor and C 0 2  a r e  r r e s e n t .  
A v  = 2030- 290 (an-’) .................... 
15 Outgoing r a d i a t i o n  a t  10 mb i n  r e l a t i o n  
t o  t h e  c s s e  when water  vapor i s  t h e  only 
absorber .  Absoiaber q u a n t i t i e s  a r e  va r i ed .  
AV = 2625-3225 (em-’) .................... 
Page 
22 
29 
30 
31 
3 2  
33 
34 
35 
V 
. 
L I S T  OF TABLES. 
Tab le  Page 
1 Ex.mple f o r  cases, where the limits 
of validity of an empirical absorption 
function are not observed ................... 9 
sorts of calculation ........................ 24 
2 Equivalent temperature f rom different 
3 Vertical distribution of water vapor ........ 25 
4 Mixing ratio and total content of 
atmospheric gases ........................... 26 
- 1 -  
4 
0 ABSTIiACT 
The outgoing r a d i a t i o n  i s  c a l c u l s t e d  i n  small s p e c t r a l  ran- 
ges ,  where the  cond i t ions  become complicsted as s e v e r a l  
atmospheric gases  p a r t i c i r a t e  i n  abso rp t ion  2nd emission. 
2 gene r2 l  computer program h a s  been developed, -ahich may be 
a p - d i e d  t o  an] s p e c t r a l  rznge. T i l l  no-v w e  have c ~ l c u l a t e d  
i n  t h e  fol lowing s p e c t r a l  reg ions  (and i n  s u b d i v i s i o n s )  
( 1 )  7.10 to 8.27 microns (1410 t o  1210 cm”) 
( 2 )  4.36 t o  4 .93  microns (2290 t o  2030  cm”) 
( 3 )  3.10 t o  3.81 microns (3225  t o  2625 em-’) 
where e x i s t  abso rp t ion  bands o f  
The equ iva len t  temperature  d i f f e r e n c e s  czused by t h e  neg- 
l e c t i o n  o f  t h e  minor atmospheric c o n s t i t u e n t s  have been 
found t o  be i n  i n t e r v a l  ( 1 )  about 8 degrees  Kelvin,  i n  i n -  
t e r v a l  ( 2 )  about 5 degrees  Kelvin,  i n  i n t e r v a l  ( 3 )  about  
2 degrees  Kelvin.  The e r r o r s  o f  c a l c u l q t i o n s  o f  t h e  out-  
go ing  r a d i a t i o n  which a r i s e  f r o m  t h e  s b s o r p t i o n  f u n c t i o n s  
and f r o m  t h e  procedure o f  c a l c u l a t i o n  a r e  d i scussed ,  a n d  t h e i r  
i n f l u e n c e  on t h e  equ ivs l en t  kl ackbody t enpe rx tu res .  S imi l a r  
c a l c u l a t i o n s  may be important f o r  t h e  measurements i n  t h e  
HRIR channel o f  t h e  Nimbus s a t e l l i t e  between 3.4 t o  4 . 2  
microns,  which i s  mapping the n ight t ime cloud cover.  Between 
3 . 4  t o  4 .2  microns t h e  gases c029 C H q T  N 2 0  a r e  absorbing.  
- 2 -  
* 
I. I N T S C D U C T I O N .  
I n  r ecen t  y e a r s  a number o f  papers  have been published con- 
ce rn ing  t h e  i n t e r p r e t a t i o n  o f  r a d i z t i o n  da t a  received f r o m  
t h e  meteoro logica l  s a t e l l i t e s  (l ief .  1 -16) .  
The experience w i t h  t hese  d s t a  and a d d i t i o n a l  t h e o r e t i c a l  
i n v e s t i g a t i o n s  i n d i c a t e  t h a t  i t  i s  necesss ry  t o  execute  
measurements Tnd i n v e s t i g 2 t i o n s  i n  s p e c t r a l  r eg ions  which 
a r e  smal le r  t h a n  those  used i n  t h e  f i r s t  TISOS experiments.  
The reason  i s  t h a t  t h e r e  a r e  wanted more d e t s i l e d  i n f o r -  
mation about t h e  v e r t i c a l  s t r u c t u r e  o f  t h e  atmosphere, ( f o r  
i n s t a n c e  t h e  v e r t i c a l  d i s t r i b u t i o n  o f  temperature  2nd ab- 
s o r b e r  concen t r a t ions )  and about r a d i a t i o n  processes  ( f o r  
i n s t a n c e  r a d i a t i v e  h e a t i n g  and c o o l i n g ) .  T h e o r e t i e d  in -  
v e s t i g a t i o n s  have been made f o r  i n s t a n c e  by Kaplnn, King, 
?/ark,Yamarnoto, S m i t h ,  and o t h e r s  (Flef. 16-29) e s p e c i a l l y  
f o r  t h e  i n f r a r e d  p a r t  o f  t he  e lec t romagnet ic  snectrum, 
but a l s o  for t he  microwave p a r t .  
The f i r s t  p r a c t i c a l  method t o  d e r i v e  a meteoro logica l  
parameter f r o m  TIIiCS s n t e l l i t e  mezsurements has  been proposed 
by Moller (1960) and developed i n  r e f e r e n c e 6  , 19. By h i s  
method i t  i s  poss ib l e  t o  deduce t h e  r e l a t i v e  humidity of 
t h e  upper t roposphere and t h e  s u r f a c e  temperature  o f  t h e  
Ea r th  r e s p e c t i v e l y  of c louds.  These i n v e s t i g a t i o n s  were 
t h e  s t a r t i n g  poin t  f o r  ex tens ive  i n t e r p r e t a t i o n ?  of TI3CS- 
r a d i a t i o n  measurenents.  
Mettnwhile t he  ins t ruments  have been f u r t h e r  developed and 
i t  i s  poss ib l e  t o  make r a d i a t i o n  measurements f r o m  s a t e l l i t e s  
i n  spec t r : i l  i n t e r v a l s ,  which z r e  e s s e n t i a l l y  smal le r  t han  t h e  
TI~OS-channels.  F o r  i n s t ance  t n e  Nimbus Weather S a t e l l i t e  
has  a high r e s o l u t i o n  i n f r a r e d  radiometer(HR1R) which measures 
t h e  outgoing r 3 d i a t i o n  between 3 .4  and 4 . 2  mi-crons. It  maps 
t h e  night t ime c l o u d  cover by measuring t h e  energJ rece ived  
i n  t h i s  s p e c t r a l  reg ion .  I t  i s  very vriluable t o  g e t  t h i s  n ight -  
time weather in format ion .  
6 
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I t  i s  t h e  purpose of o u r  i n v e s t i g a t i o n  t o  make p o s s i b l e  a 
c o r r e c t  i n t e r p r e t a t i o n  of r a d i a t i o n  d a t a  i n  smal le r  s p e c t r a l  
r eg ions .  Therefore ,  we c a l c u l a t e  t h e  p o s s i b l e  e r r o r s  i n t r o -  
duced i n t o  t h e  eva lua t ion  o f  outgoing r a d i a t i o n  measurements 
by t o o  rough approximations i n  t h e  equat ion of  r z d i q t i v e  
t r a n s f e r .  It i s  necessary t o  have a p r e c i s e  knowlEdge of  
each parameter e n t e r i n g  t h e  equat ion  of  r a d i a t i v e  t r a n s f e r .  
Therefore ,  we will d i s c u s s  the in f luence  o f  t h e s e  parameters  
and t h e i r  approximations.  Espec ia l ly  i t  i s  necessary t o  have 
good knowledge o f  t h e  t ransmiss ion  f u n c t i o n s  as f u n c t i o n s  
of p r e s s u r e ,  absorber  mass and temperature .  One needs t h e s e  
f u n c t i o n s  f o r  t h e  range o f  values  which m=ly a d o p t  t h e i r  
parameters  i n  t h e  Ea r th  atmosphere. If d i f f e r e n t  gases  a r e  ab- 
so rb ing in  one s p e c t r a l  i n t e r v a l  i t  i s  necessqry t o  regard t h e  
i n f l u e n c e  of  t hc  overlapping o f  t h e i r  absory-tion bands on 
t h e  outgoing r z d i a t i o n .  The t r snsrn iss ion  f u n c t i o n s  o f  t h e  
s i n g l e  g s s e s  must be m u l t i p l i e d .  
I n  the presen t  r e p o r t  we c a l c u l a t e  t h e  outgoing r a d i a t i o n  
i n  r e g i o n s  where t h e  cond i t ions  are complicated because o f  
t h e  presence o f  s e v e r a l  absorbing g-tses.  F o r  our c a l c u l a t i o n s  
we use experimental  abso rp t ion  f u n c t i o n s ,  and where such 
a r e  l a c k i n g ,  t h e o r e t i c a l  c a l c u l a t i o n .  The method i s  gene ra l  
and can be appl ied  t o  any s p e c t r a l  r eg ion  and t o  any absorb-  
i n g  gas , i f  t h e  t ransmiss ion  f u n c t i o n s  and the  v e r t i c a l  
d i s t r i b u t i o n  o f  t h e  gases  a re  known. The number o f  gases .  
p o s s i b l e  t o  be rcgarded ,  i s  not r e s t r i c t e d .  
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I1 
The 
[ T I  
The 
TIIS; O V T G O I N G  RATIIATION: THX EJUATION CF RADIATIVE 
T??ANSFCR, ITS REPRESENTATION ' RD INVEFSICN. 
equation of radiative transfer is: 
0 
where 
4 v  frequency interval in wavenumbers 
FAv 
T(z) temperature as a function of z 
To ground temperature 
z height 
ElAv Planck's function in the frequency range 
T transmission function of the atmosphere in the 
0 nadir angle of the direction of observation 
u 
U total mass of the absorbing substance. 
outgoing radiation in the intern1 Av 
departing from the upper boundary o f  the atmosphere 
4 v  
frequency range Av 
effective mass of the absorbing substqnce 
parameters of Eq. [l] are essential for the influence 
on the outgcing radiation for the interpretation of satel- 
lite radi2tion measurements. A s  conseqkence we discuss in 
the following these parameters and the infl.x%a? of their 
variation on the outgoing radiation and on the related 
equivalent temperature. A s  these parameters influence the 
outgoing radiation, their errors cause uncertainties in 
the deduction of the vertical structure of the atmosphere, 
that means in inversion processes. 
11. a) Transmission functions: representation and discussion. 
For the representation of the absorption of atmospheric 
molecular bands there are known four methods: 
( 1  ) Theoretical summation over the contributions of all 
lines forming the band. For this procedure it is neces- 
. 
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sary to know the line-parameters deducible form the 
quantum mechanics of rotation and vibr?tion transitions: 
position, strength, halfwidth. It is usual to take models 
and assumptions or approximations for line shape (for 
instance Lorentz-shape, combined Loreiitz-Doppler shape, 
Doppler-shape), pressure dependence and temperature depen- 
dence, for instance 
where a,-, = Lorentz-shape 
= halfwidth at NTP. 
aO 
As it is impossible to regard all lines together by 
the summing up of their contributions, one must eliminate 
the wcsk lines. This can be a source of errors (Ref. 4 4 ) .  
(2) Theoretical calculation with the use of band models. One 
regards quantum mechanical data of strength, and position 
of lines in tk,e band. Then one chooses an appropriate 
band model with mean values of  line strength, halfnridth 
and distance of the lines. Assumptions and apFroximations 
are made for line shape and temperature dependence. 
(3) Deduction of the absorption from experimental dnts. The 
accuracy is given by the limits of the measuring device, 
for instance by the spectral resolution. A s  these empirir 
cal relations have always restricted regions of validity, 
it is sometimes difficult to use them in atmospheric prob- 
l e m s ,  especially when the absorption band is weak and the 
used atmospheric layer thickness is small. 
( 4 )  Fitting of experimental absorption datas to theoretical 
band models; at this procedure it is difficult to regard 
the weak lines adequately. 
To calculate the transmission of band models over inhomogeneous 
paths, Curtis and Godson (Ref. 3 4 ,  35, 36) have proposed 
their well known approximation (Ref. 4 5 ) ,  where they introduce 
- 6 -  
. a mean value o f  t he  ha l fwid th  
[SI 
Already Kaplan (Hef. 37) has shown q u a l i t a t i v e l y  and quant i -  
t a t i v e l y  t h a t  t h e  a p p l i c a t i o n  o f  t h i s  approximation t o  l i n e s  
wi th  Lorentz-shape leads t o  an ove res t ims t ion  o f  t h e  absorp- 
t i o n  of inhomogeneous l a y e r s ,  e s p e c i a l l y  a t  smal le r  pres-  
s u r e s .  Drayson (Ref.  2 8 )  has  shown t h i s  t o o  f o r  t h e  example 
o f  t h e  15 p C02-band and has extended those c o n s i d e r a t i o n  
t o  pa ths  with a r b i t r a r y  p re s su re  l e v e l s .  The completest  t r s n s -  
miss ion  d a t a  for H20 and C 0 2  have been g iven  by S t u l l ,  Wyatt, 
and Plass  (Ref.  38) .  I n  t h e  r e c e n t  time some au thor s  hsve com- 
pared experimental  measurements i n  t h e  f r e e  atmosphere wi th  
c a l c u l a t i o n  based on t h e s e  t a b l e s :  
( 1 )  Roney (Ref .  39) has  messured sol . r i r  s p e c t r a  i n  t h e  2 t o  5 
micron r e g i o n  f o r  atmospheric s l a n t  pciths a+ h e i g h t s  of 
about 42.000 f t .  He f i n d s  t h a t  ;lis measurements show a 
much lower abso rp t ion  than  would be expected by t h e  
c a l c u l a t i o n  based on t h e  P l a s s - t i b l e s .  He t r i e s  t o  ex- 
p l a i n  t h e  discrepancy wi th  t h e  Lorentz- l ine  shape used 
by P l a s s  and wi th  e f f e c t s  due t o  r e f r a c t i o n  neglec ted  
by Plas s .  From Roney's spectrsl  one m a 3  a l s o  recognize  
t h a t  the  "P la s s - spec t r a"  a r e  s h i f t e d  i n  t h e  d i r e c t i o n  
o f  small wavenumbere comp7red w i t h  t h e  measurements. 
( 2 )  Measurements o f  t h e  Un ive r s i ty  o f  Denver (Kef. 4 8 )  
show s p e c t r a  obtained by means o f  a b7l loon  borne spec- 
t rometer  system i n  d i f f e r e n t  h e i g h t s .  They compare t h e i r  
measurements w i t h  c q l c u l a t i o n s  bas ing  on t h c  P l a s s - t a b l e s ,  
and they f i n d :  r eg ion  2100 t o  2500: " i f  one s h i f t s  t h e  
observed s p e c t r a  9 crn" ( t o w a r d s  small wavenumbers) which 
i s  l e s s  than  t h e  u n c e r t a i n t y  i n  t h e  s c a l e  i n  t h i s  r e g i o n ,  
one n o t e s  t h a t  t h e  s p e c t r a  a r e  i n  reasonably good agree-  
ment cons ider ing  t h a t  t h e  exper imenta l  r e s u l t s  a r e  due t o  
8 
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a combination o f  abso rp t i cn  by N20 and Co2 whereas t h e  
t h e o r e t i c a l  r e s u l t s  a r e  based on C o 2  only",  r e g i o n  1400 
t o  1800 cm": " * . . . t h e  obserTred abso rp t ions  w e  l e s s  than  
p red ic t ed  a t  all wavenumbers i n  s p i t e  of t h e  f q c t  t h a t  
t h e  obse rva t ions  were made 2 .5  km below t h e  a l t i t u d e  
used i n  t h e  t h e o r e t i c a l  spectrum. There i s  good agree- 
ment between t h e  t h e o r e t i c a l  and experiment21 r e s u l t s  as 
f a r  as t h e  p o s i t i o n  of the pesk  abso rp t ions  a r e  concerned, 
but  t h e  r e l a t i v e  s t r e n g t h  o f  t h e  i n d i v i d u a l  abso rp t ions  
a r e  cons idera lby  d i f f e r e n t " .  
( 3 )  S.R. Drayson(Ref. 2 8 )  shows by means o r  t h e c r e t i c a l  c a l -  
c u l a t i o n s  t h a t  t h e  P l a s s - t a b l e s  a r e  not co r - i ec t  i n  t h e  
1 5  micron r e g i o n  mainly f o r  t h e  fo l lowing  re9sons:  
( a )  "?lass was forced  t o  use t h e  Ciirtis - Godson ap ; rox i -  
mation which .... t ends  t o  overes t imate  t h e  absorp- 
t i o n " .  
( b )  "The l i n e  s t r e n g t h s  (used by ?lass) were no t  i n  
p e r f e c t  agreement ' I .  
( c )  "Probabl j  t he  g r e a t e s t  s i n g l e  cause i s  t h e  use  of t h e  
' t  quasi-random band model ..... 
From Drayson's c a l c u l a t i o n s  (Ref.  2 8 ,  Fig.  8) one could 
observe t h a t  a s h i f t i n g  o f  Drayson's s p e c t r a  towards sma l l e r  
wavenumbers sometimes would give a b e t t e r  (bu t  no t  f u l l )  
agreement wi th  Plass's r e s u l t s .  
(4) L i s t  and Oppel ( R e f .  40 )  have used the  P l a s s - t a b l e s  f o r  
water  vapor i n  t h e  4-5 micron reg ion .  F o r  wavelengths 
l a r g e r  th2n 4.5 microns,  where H20 i s  t h e  dominant ab- 
s o r b e r ,  they f i n d  a d i f f e r e n c e  bctween c a l c u l a t i o n s  and 
measurements; they suppose t h e  reason f o r  t h e  discrepancy 
a r e  t h e  t h e o r e t i c a l  c a l c u l a t i o n s  (€)lass) f o r  t h e  t ransmia-  
s i o n  o f  H20 which they have used. A discrepancy i n  p o s i -  
t i o n  between c a l c u l a t e d  and meqsured va lues  can be ob- 
served t o o :  t he  observed s p e c t r a  must be s h i f t e d  i n  d i -  
r e c t i o n  of smal le r  wavenumbers t o  ge t  a b e t t e r  agreement 
w i t h  t h e  c a l c u l a t i o n s .  From t h e  s p e c t r a  one can deduce: 
> 
A c a l c u l a t  ed i n  most  of *observed the  cases .  
- 8 -  
B o l l e  (Ref.  4 1 )  h s s  compued the  t r ansmiss ion  d a t a  i n  
t h e  reg ion  o f  4.7 microns g iven  by T a y l o r  an(; Yates 
(Ref.  42 )  w i th  those  f r o m  Plass and has  found t h a t  t h e  
l a t t e r  a r e  everywhere smal le r  t h a n  the  premier.  Bo l l e  
and Volker (unpubl i shed)  f i n d  f r o m  mcasurements of 
t h e  s p e c t r a l  sky emission on t h e  e a r t h  s u r f a c e  i n  t h e  
Fpec t r a l  range f r o m  4.6 t o  5 .1  microns and 7.41 t o  
8.70 microns t h a t  t h e r e  a r e  e s s e n t i a l  d i s c r e p a n c i e s  
compared wi th  t h e  r a d i a t i o n  t o  be expected by t h e  Plass- 
t a b l e s .  
F o r  the abso rp t ion  of atmospheyic minor c o n s t i t u e n t s  
Burch a n i  al. ( 2 e f .  31)  give  experimental  a b s o r p t i o n  
f u n c t i o n s  i n  dependence o f  p re s su re  and absorber  mass. 
They g i v e  empi r i ca l  r e l a t i o n s  which mostly are  w r i t t e n  
e i t h e r  i n  the  f o r m  
o r  
A = [ A ( v ) . d v  = C[W.PZ] 
A = ] A ( v ) d v  = C + D log[w*P:] 
where a ,  b ,  c ,  C ,  D,  a r e  e m p i r i c a l  c o n s t a n t s ,  and c i s  
approximately equal  t o  0 .5 ;  
Pe = equ iva len t  p re s su re  o f  t h e  absorbing gas  
w = absorber-mass 
A = i n t e g r a t e d  a b s o r p t i o n  
v = wavenumber. 
I t  can be seen f r o m  [ 4 ] ,  [4a] t h a t  a change o f  absorber  
mass must change t h e  i n t e g r a t e d  abso rp t ion .  If one use8 
t h e s e  r e l a t i o n s ,  o f  course  one h a s  t o  cons ide r  t h e i r  
l i m i t s  o f  v a l i d i t y ,  but weak excess  o f  t h e s e  l i m i t s  d o e s n ' t  
cause severe  e r r o r s  i n  t h e  c a l c u l a t i o n  o f  t h e  outgoing 
r a d i a t i o n :  see t a b l e  1 ,  c a s e s  r , J .  A s t r o n g  excess  causes  
g r e a t e r  e r r o r s ,  c a s e s  a,O. 
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1I.b) Application of the transmission functions in smaller 
spectral regions (also in overlapping cases). 
We calculate the outgoing radiation in the following spec- 
tral regions: 
4 
(a) 1210 - 1410 (cm”) 
(b) 2030 - 2290 (cm-l) 
(c) 2625 - 3225 (cm”) 
where as absorbing atmospheric molecular gases are present: 
F o r  H20 and CO, we use the Plass-t?bles, from which we 
calculate mean values ;Faf transmission for our spectral ran- 
ges despite the critic which has been given to the accuracy 
of these values. A s  the transmission in these tables is 
6;iven as function of the three variablesP, w, T, we have 
to interpolate in diagrams like those given in fig. 1 .  
-_ 
F o r  N20, CH4, CO we use the experimental data of Burch and 
al. (Ref. 3 1 )  and the experimental d9ta of Goody and Wormell 
(Fief. 4 3 ) .  For the time being we have not applied any tempe- 
rature correction to these experimental data. As Goody and 
‘Vormell and List and Oppel (Eief. 40) have shown, the tempera- 
ture dependence of a single absorption band can be neglected. 
The temperature variation in the atmosphere is not large, 
the temperature has a more pronounced effect on the strength 
of the spectral lines. Nevertheless, we use a temperature 
reduction for H20 and C 0 2 ,  as the Flass-tables are given with 
respect to temperature. Ye take 
as Bolle (Ref. 4 1 )  has used. 
4 m  = difference of absorbing mass between two levele 
1 
= (Ti+Ti+l) , where Ti = temperature in the i-th level. 
c 
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. 
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For pressure correction we use according to Curtis (Ref. 34, . 
35, 36, 45)  
where P = 1/2 (Pi 
K.Am - 'reduced 
+ Pi+,). 
When more than one absorber are present, the outgoing radia- 
tion F is calculated by means of multiplication of the trans- 
missions of the indivicual gases: 
m 
where T* = ,  ? T j  
d ' l  - 
= mean transmission of the j-th gas in the regarded spec- T 3  
tral interval. The influence of the different gases on the 
vertical distribution of y* can be seen in fig. 2: it gives 
the transmission of the atmosphere as it is seen from 31 km 
altitude to given pressure levels below. Our curves show re- 
markable absorption of C02 and N20 yet at greater heights. 
A s  we have used a relatively small value for the mixing rath 
of N20, t h i s  absorption could be yet greater in reality. 
1I.c) Planck function as term of the equation of radiative 
In an accurate calculation one has to take the black body 
radiation Bv = BV(T) at every frequency of the absorption 
band and multiply it with the specific transmission of the 
related wave number. But the so-called "spectral calculation" 
necessitates a large effort in computer time. If one takea 
a mean transmission function over a number of frequencies 
one also can take a mean value of the black body radiation 
in the regarded spectral interval. The choice of such a mean 
value of the black body radiation in one spectral interval 
is not easy: the distribution of the transmission functions 
o f  the gases are superposed by the radiation which is emitted 
transfer. 
- 13 - 
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by t h e  Ear th  s u r f a c e .  To determine a mean va lue  one 
should know the  d i s t r i b u t i o n  of t h e  outgoing r a d i a t i o n  as 
a f u n c t i o n  o f  t h e  frequency: Fv = Fv(v). Then one could t a k e  
AV 
dv  = Fv d v  i s  Av B 
V 
Fvdv and FA,, - where FA = - 
A V  
t h e  mean va lue  of  t h e  ' l emiss iv i ty l l  o f  t he  atmosphere, inc lud-  
AV AJ 
i n g  t h e  r a d i a t i o n  which o r i g i n a t e s  f r o m  t h e  Ea r th  s u r f a c e  o r  
f rom clouds.  (These c o n s i d e r a t i o n s  f o l l o w  an i d e a  which Bolle  
(Ref. 4 1 )  has  used i n  h i s  c a l c u l a t i o n s  o f  t h e  emission of 
t h e  atmosphere a t  t h e  ground).  But our cond i t ions  become 
complicated,  as we have t o  regard t h a t  most  o f  tht outgoing 
r a d i a t i o n  a t  10 mb does not  come f r o m  the  10 mb l e v e l  b u t  f r o m  
o t h e r  h e i g h t s .  If one knows from which l e v e l  most o f  t h e  r a d i a -  
t i o n  i s  coming f r o m  ( i n  one s p e c t r a l  r a n g e ) ,  one should have 
measurements of Fv (v )  at  t h i s  l e v e l  and t h e n  ope ra t e  a f t e r  
equa t ion  [SI .  
These cons idera t iu l l s  show t h a t  i t  woulil b e  very d i f f i c u l t  t o  
g;et any i n d i c a t i o n  about t h e  frequency vs  a t  which B V S  could be 
regarded as weighted mean va lue  i n  t h e  whole r e s p e c t i v e  s P e c t r a 1  
i n t e r v a l .  Therefore ,  we have g e n e r a l l y  t sken  f o r  v s  t h e  ari thme- 
t i c  mean value o f  v i n  t h e  i n t e r v a l d v  = v 2  - v l .  
[ 91  FTFT = Bv ( T I  
S V 
- v1-v2 - 
"S - 2  - ' a r i t h  
N o w  we may c a l c u l a t e  Fcv ( v , )  according t o  equa t ion  [ I ] .  
Then we have s tud ied  t h e  e r r o r  of t h i s  choice:  !"/e have calcu-  
l a t e d  F a s  f u n c t i o n  of t h e  blackbody r z d i a t i o n  B f o r  d i f f e -  
r e n t  va lues  of   deviating from t h e  a r i t h m e t i c  mean v a l u e )  
f i g .  3a. The d i f f e r e n c e  i s  seve re .  But i f  one c a l c u l a t e s  
t h e  a t tached  equ iva len t  blackbody tempera tures  f r o m  F a t  
t hose  f r equenc ie s  v g ,  t h e  d i f f e r e n c e  i s  no t  very severe :  
f i g .  3b. 
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A f t e r  t h i s ,  we have s tudied  the e r r o r  o f  t h e  choice o f  v g  
- 
on t h e  outgoing r a d i a t i o n  F by d i v i d i n g  the  o r i g i n a l b v  
i n t o  sma l l e r  parts: 
w e  c a l c u l a t e  I 
1 
. 
where vs , ..., v 
t e r v a l s A  v l ,  Av,, . . . and where F 
by t h e  l e n g t h  of t h e  a t tached  s p e c t r a l  i n t e r v a l .  The d i f f e -  
r ence  between and FAv i s  not  extreme seve re ,  but  never- 
t h e l e s s  n o t i c e a b l e  f i g .  3a. 
a r e  t h e  mean v a l u e s  o f  v i n  t h e  sub-in- 
a r e  a l ready  weighted 1 'n 
Avn 
But i f  one c a l c u l a t e d  t h e  equiva len t  temperature f r o m  
'Av 
- 
f o r  t h e  i n t e r v a l  v one has t o  choose now a vs i n  4 v :  
- 
If one now t a k e s  vg = varithm one would have a very large 
e r r o r :  f i g  3b. This  e r r o r  UT) would i n  gene ra l  exceed the 
e r r o r  (AT) due t o  t h e  choice o f  vs  i n  t h e  c a l c u l a t i o n  without  
s u b d i v i s i o n  o f d v ,  e s p e c i a l l y  when t h e  bands have an asymme- 
t r i c  d i s t r i b u t i o n  i n  t h e  s p e c t r a l  i n t e r v a l ,  f i g .  3b, t a b l e  2. 
Therefore ,  i f  one wants t o  ge more exac t  va lues  f o r  Tii by 
s u b d i v i s i o n  i n t o  smaller  p a r t s  one has f i rs t  t o  c a l c u l a t e  
T & v , ) ,  Tg(.Av2). .. and then t o  f o r m  f r o m  them .the mean 
va lue  F,, f i g .  3b. Ty must be weighted w i t h  t h e  l e n g t h  of t he  
a t t a c h e d  s p e c t r a l  i n t e r v a l .  
1 
* F A v i  T.. 
c a , i  T..= a ZAVi c 
L 
where i = number o f  sub - in t e rva l s .  
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The a b s o r p t i o n  c o e f f i c i e n t s  o f  d i f f e r e n t  gases  a r e  d i f f e -  
r e n t  f u n c t i o n s  o f  p re s su re ,  mass, and temperature .  Therefore ,  
one had t o  choose exac t ly  at every l e v e l  j another  v s  f o r  t h e  
c a l c u l a t i o n  o f  B . If one wishes t o  i n v e s t i g a t e  t h e  in-  
f l uence  of s i n g l e  gases  one has  t o  t a k e  f o r  each gas  which 
i s  added ano the r  vs:  c a l c u l a t i n g  a t  a mean va lue  o f  v s  w i l l  
g e n e r a l l y  have t h e  consequence th,zt t h e  abso rp t ion  of  t h e  
one o r  t h e  o t h e r  gas i s  p re fe r r ed .  T h 5 s  may a l r eady  be 
seen  from f i g .  5 ,  where we compare c a l c u l a t i o n s  f o r  t h e  in -  
t e r v a l  1210-1410(cm-) obtained f r o m  equat ion  [ 9 ]  w i t h  those  
f r o m  [12] .  If one c a l c u l a t e s  only w i t h  t he  abso rp t ion  of 
water  vapor and a f t e r  [ 9 ]  one g e t s  an equiva len t  tempera- 
t u r e  Tii which i s  sma l l e r  compared wi th  t h e  value obtained 
i f  first t h e  i n t e r v a l  i s  subdivided i n t o  smal le r  p a r t s  but 
choosing t h e  wrong v s  a f t e r  [12 ] .  If one now r e g a r d s  H20 
and N20 one g e t s  t h e  same value f o r  T g  w i th  and without  
s p e c t r a l  eubdiv is ion .  I f  one f i n a l l y  r ega rds  H20, N20 
and CH4,  Tg grows l a r g e r  aga ins t  t he  value a f t e r  [ 12 ] .  
I n  t h e  s p e c t r a l  range 2625 - 3225 (cm-l) a t  t h e  s h o r t  wave 
l i m i t  o f  t h i s  i n t e r v a l ,  t h e r e  i s  t h e  r e l a t i v e l y  s t r o n g  3020 
(crn”) CH4-band, overlapped by t h e  wing o f  t h e  2.7 micron 
H20-band, while  t h e r e  i s  no s t r o n g  a b s o r p t i o n  a t  t h e  long  
wave l i n i t  o f  t h i s  i n t e r v a l .  By c ? l c u l a t i n g  a f t e r  [12] not  
only t h e  r e l a t i v e  amount o f  t h e  i n f l u r n c e  o f  t h e  CH4 on 
Tii w i l l  be c a l c u l a t e d  e r roneous ly ,  but & c o u r s e  also t h e  
a b s o l u t e  va lue  of Tii, f i g .  4 .  The s t r o n g  asymmetry of  t h e  
a b s o r p t i o n  bands may lead  here t o  an e r r o r  o f  6 degrees!  
j vs  
I n  t h i s  s p e c t r a l  r e g i o n  2030 - 2224(cm-l) t h e  a b s o r p t i o n  seems 
t o  be s i t u a t e d  favourably t o  vs  concerning t h e  a b s o r p t i o n  
of t h e  d i f f e r e n t  gases :  The va lues  o f  F r e s p e c t i v e l y  Tg ob- 
t a i n e d  w i t h  [ 9 ]  and [ 1 2 ]  h?ve a r e l a t i v e l y  small  d i f f e r e n c e ,  
f i g .  6. S i m i l a r  cons ide ra t ion  can be made i n  t h e  o t h e r  spec- 
tral i n t e r v a l s ,  f i g .  7 ,  f i g .  8, One may conclude t h a t  genera l -  
l y  t h e  r e s u l t s  w i l l  be more a c c u r a t e  i f  i t  i s  c a l c u l a t e d  w i t h  
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smaller spectral intervals and take [ 1 3 ]  for the deter- 
mination of the equivalent temperature. 
1I.d) Vertical distribution of atmospheric gases and their 
influence on t h e  upward directed radiation in the 
atmosphere. 
Our calculations have been made on the basis of the 
U.S. Standard Atmosphere 1962 (Ref. 47). To vary the water 
vapor content, we have varied the mixing ratio c according to 
table 3 .  
In this table the numbers cnormal give the values from the 
U. S. Standard atmosphere 1962 
To get probable values of the vertical distribution o f  C02 
and the minor atmospheric constituents, we oriented us by 
different authors. 
The mixing rations for these gases have been supposed t o  
be constant with height. 
The masedm of an absorbing layer has been calculated by 
the formula - - ci* M *10-~*4p ~ ~ ~ 2 2 . 4 .  A p  
dm = gas - [ atm-cm] 
g. 28.966 g'ML'fN,gas 
where 
- ci= mean mixing ratio of the regarded gas in the i-th 
g = 981 (cm.sec-2) 
YL= 28.966 = molecular weight of dry air 
= molecular weight of the regarded gas 
layer 
"gas 
Y N B S =  
22.4= volume of one Mol per litre. 
A P= (Pi - Pi+,) in mb 
specific weight of the regarded gas at NTPP 
With these values we have calculated the outgoing radiation. 
As can be seen from table 4 ,  there is no genera1,agreement 
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concerning t h e  masses of t he  minor c o n s t i t u e n t s  i n  t h e  atmo- 
sphere.  Therefore ,  we have ca l cu la t ed  t h e  outgoing r a d i a -  
t i o n  f o r  d i f f e r e n t  absorber  masses t o  show t h e i r  i n f l u e n c e  
on t h e  outgoing r a d i a t i o n  and on t h e  equiva len t  tempera- 
t u r e s ,  see  f i g .  9 - 12.  I n  these  f i g u r e s  t h e  number behind 
t h e  gas-symbol i n d i c a t e s  how many t imes  we have taken  t h e  
absorber  mass, o r i g i n a l l y  used according t o  t a b l e  4 ,  and t h e  
d e s i g n a t i o n  d r y ,  normal, m o i s t  atmosphere r e l a t e  t o  t h e  
v a l u e s  of  c i n  t a b l e  3 .  
One can see  that '  g r e a t e r  e r r o r s  i n  abso rp t ion  mas8 would 
l ead  t o  s i g n i f i c a n t  e r r o r s  i n  t h e  equ iva len t  tempera tures .  
I n  f i g .  4 - 6 t h e r e  has been p l o t t e d  t h e  outgoing radia-  
t i o n  i n  r e l a t i o n  t o  t h e  case,  when water  vapor r e s p e c t i v e l y  
water  vapor and crirbon dioxide a r e  t h e  only gases .  
- 28 - 
t 
111. RESULTS AND CONCLUSIONS. 
We have shown that a remarkable misinterpretation of measure- 
ments of the outgoing radiation in smaller spectral ranges 
can be caused by the following errors in the calculation of 
the outgoing radiation: 
1)  neglection of minor atmospheric constituents 
2)  uncertain values of mixing ratio 
3) calculation with mean values of transmission 
. 4 )  inaccuracy of the transmission function (see section I I a ) .  
functions and of the blackbody radiation function 
The amount of the influence of the lc7st error we have not yet 
investigated as ertensive as the others in our spectral 
ranges; comparisons in several spectral ranges could be 
done with the aid of references 42, 52. The wiounts of the 
errors mentionned under I ) ,  3) have been found to be about 
spectral range 
~~ 
A V  = 1210 - 1410 : 8 O  1 8  0.5 2.5 
A v = 2290 - 2030 : 5 20 2 1 
A V  = 2625 - 3225 : 2 8 6 0.04 
whereAT inOK is the error of the amount of the equivalent 
temperature and 4 Q  is the error when the outgoing rsdiation F 
is regarded in relation to that value of P, when water va- 
por and C 0 2  are  the only absorbing gases. The influence of 
the e r r o r s  mentionned under 3 should be taken from the figures. 
In the spectral range 2625 - 3735 (cm-l) we have raised the 
height of the emitting level. JJe have found that a neglec- 
tion of the CH4-absorption and emission leads to a value of 
the equivalent temperature which is too high bydT in com- 
parison to that value which one obtains without this neglection. 
P h b )  ' AT['K] 
1013 1.6 
950 1.4 
710 1.1 
410 0.5 
where p = pressure at the height of the emitting level. 
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, F i g .  9: Outgoing r a d i a t i o n  F at 10 mb. Absorber q u a n t i t i e s  a r e  
va r i ed ,  The numbers on t h e  o r d i n a t e  t h e  regarded gas .  
The numuer behind t h e  gas symbol  i n d i c a t e s ,  how many 
t imes  we have taken the o r i g i n a l  mass o f  t h i s  gas. 
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Fig.  13: Av = 1210  - 1410 ( c m - l ) ,  0 degrees  n a d i r  angle .  
Outgoing r a d i a t i o n  a t  10 mb i n  r e l T t i o n  t o  t h e  
c a s e ,  when water v2por i s  the  only absorber .  
Absorber q u a n t i t i e s  o f  N20 and CH4 a r e  v a r i e d .  
The numbers on the  o r d i n a t e  indicr t te  t h e  r e -  
garded gas. The number behind t h e  gas symbol 
i n d i c a t e s ,  how many t imes we have taken  t h e  
o r i g i n a l  mass of t h i s  gas. 
1 :  H 2 0 ,  N 2 0 - 1 ,  CH4-9 5: H 2 0  
2: H 2 0 ,  N 2 0 - 1 ,  CH4-3 6 :  H20, N20-1 
31 H 2 0 ,  N20-9, CH4-l 7: H i 0 ,  N20-3 
4: J20, N20-3, CH 4- 1 8: H 2 0 ,  N,O-l ,  - CH4-1. 
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